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Introduction:

NOMAD, the “Nadir and Occultation for MArs
Discovery” spectrometer suite was selected to be
part of the payload of the ExoMars Trace Gas Orbit-
er mission 2016. This instrument suite will conduct a
spectroscopic survey of Mars’ atmosphere in the
UV, visible and IR regions covering the 0.2-0.65 and
2.2-4.3 pm spectral ranges. NOMAD’s observation
modes include solar occultation, nadir and limb ob-
servations. Its spectral resolution surpasses previous
surveys in the infrared by more than one order of
magnitude. The nadir mode will provide detailed
trace gas mapping.

NOMAD will search for trace gases in the mar-
tian atmosphere, potentially produced as the by—
product of volcanism and life. NOMAD will identify
potential source regions of trace gas species and
provide crucial information on the nature of the pro-
cesses involved. NOMAD will also extend the sur-
vey of the major climatologic cycles of Mars such as
the water, carbon and ozone cycles, and provide
information on their different components, including
isotopic fractionation and atmospheric escape pro-
Cesses.

Fig. 1: The three channels of NOMAD (SO, LNO,
and UVIS)

The NOMAD instrument:

The NOMAD instrument is composed of 3 chan-
nels: a solar occultation only channel (SO) operating
in the infrared wavelength domain, a second infrared
channel capable of doing nadir, but also solar occul-
tation and limb observations (LNO), and an ultravio-
let/visible channel (UVIS) that can work in all ob-

servation modes. The spectral resolution of SO and
LNO surpasses previous surveys in the infrared by
more than one order of magnitude. NOMAD offers
an integrated instrument combination oflight -
proven concept (SO is a copy of SOIR on Venus
Express), and innovations based on existing and
proven instrumentation (LNO is based on
SOIR/VEX and UVIS has heritage from the
ExoMars lander), that will provide mapping and
vertical prdile information at high spatio -temporal
resolution. The three channels have each their own
ILS and optical bench, but share the same single
interface to the S/C.

SO channel. The SO channel operates at wave-
lengths between 2.2 and 4.3 um, using an echelle
grating with a groove density of 4 lines/mm in a
Littrow configuration in combination with an
Acousto-Optic Tunable Filter (AOTF) for spectral
window selection, see Fig. 2. The width of the se-
lected spectral windows varies from 20 to 35 cm™
depending on the selected diffraction order. The
detector is an actively cooled HgCdTe Focal Plane
Array. SO achieves an instrument line profile resolu-
tion of 0.15 cm™, corresponding to a resolving pow-
er «/ » of approximately 25000.

Fig. 2: SO schematics

LNO channel. The optical layout of LNO is iden-
tical to that of SO (AOTF - echelle spectrometer-
cooled detector, see Fig. 2). LNO will be measuring
in the wavelength range between 2.2 and 3.8 um. To
aid SNR performance in the lower radiance nadir
viewing orientation, a number of measures are taken
to increase the signal throughput as well as to reduce
the thermal background of the instrument, e.g. in-



creasing the size of the slit to 4’ x 150° and using
longer integration times, appropriate pixel binning,
and accumulation of spectra.

UVIS channel. The UVIS channel operates in the
wavelength domain between 200 and 650 nm. It is a
full copy of the instrument designed for the ExoMars
lander, with additional telescopic entrance optics for
application in orbit.

Fig. 3: UVIS assembly

Observation modes:

NOMAD?’s observation modes complement each
other and provide information in different spatial
dimensions and at flexible temporal sampling rates:
(1) Solar occultation mode provides high spatial
resolution vertical profiles of trace gas absolute
abundances together with aerosol extinction, pres-
sure, atmospheric density, and temperature at a ver-
tical sampling equal to or lower than 1 km (in all
channels). The duration of a typical SO or LNO
measurement cycle is 1s. UVIS is capable of sub-
sampling, but will average observations to increase
SNR and match the vertical resolution of SO/LNO.
Up to 12 different IR AOTF frequencies can be se-
lected (6 in SO, 6 in LNO), meaning that up to 6
wavelengths in parallel can be recorded in 1s. This
provides a total integration and/or accumulation time
for each of the selected spectral intervals of 160 ms.
The set of wavelengths observed can also be actively
switched, permitting a wider range of species to be
observed during a single observation mode. If need-
ed, the number of selected wavelength intervals can
be reduced, thus increasing the integration time for
each interval and hence the SNR. The instantaneous
field of view of both channels is limited by the ap-
parent size of the solar disk (21) and by the slit di-
mension (2’, the long side of the slit is parallel to the
limb). The resulting SO/LNO field of view corre-
sponds to a 1 km x 10 km slice of atmosphere at the
limb ([ =1 km) for typical S/C attitudes. A one-
second cycle corresponds to a vertical sampling of
1 km for typical S/C attitudes. Each of the 6 succes-
sive IR measurements performed during this second,
however, corresponds to a vertical sampling of
180 m. For UVIS a 1 km x 1 km slice of atmosphere
at the limb is probed every 1 s.

(2) Nadir mapping mode provides vertical columns

with spatial footprints for LNO of up to 16.9 km x
60 km, and for UVIS of 5 km x 60 km (for integra-
tion times ~ 15 s). As the CO, column abundance is
retrieved at the same time, systematic error sources
(topography, surface shadowing) are eliminated and
fractional column densities are determined.

(3) Limb mode provides limited additional mapping
capability and vertical information.

NOMAD sensitivities:

A sensitivity study (Drummond et al. 2011) was
carried out to assess the detection limits using a
NOMAD-type instrument for solar occultation and
nadir. This showed that methane concentrations be-
low 1 ppb can be detected from just one spectrum,
for a signal to noise ratio based on the SNR values
currently observed with SOIR/VEX (Mahieux et al.
2009). The detection limits have been determined
assuming a one-second cycle with 6 different spec-
tral windows of 160 ms (SNR=4000). Since several
spectra can be recorded per second in occultation,
the detection limit can be improved further. It would
therefore be possible to go below a 10 ppt detection
limit using averaging. The sensitivity study was also
performed for nadir observations. The nadir detec-
tion limits have been determined in a similar way for
the different species that will be targeted

NOMAD is sensitive to the dust and ice aerosols
present in the atmosphere in all three channels, in
solar occultation, limb, and nadir viewing modes. In
the IR, aerosols are highly scattering; dust does not
have any strong spectral features, contrary to ice
which has a broad spectral signature around 3 um.
Thanks to diagnostic bands in the IR spectral range
NOMAD will also help confirm the controversial
detection of carbonates in Martian dust. Aerosol
optical depths are derived routinely from solar occul-
tation observations, as has been demonstrated with
SOIR/VEX (Wilquet et al. 2009). Measurement of
the aerosol opacity across a wide wavelength range
(i.e. UVIS, SO and LNO) also allows the optical
properties and size distribution of the suspended
aerosols to be derived through modeling of the phase
function. The presence of ice (both H,O and CO,)
clouds will be measurable through wavelength-
dependent scattering in the observed UVIS spectra.

Spatial and temporal coverage:

NOMAD permits the full exploitation of the or-
bit. From a 74° inclined orbit, the latitudes covered
in solar occultation range from 87°N to 88°S with
good revisit time at various solar longitudes (Fig. 4).
The nadir coverage between +74° latitude provides
global spatial sampling on average every 3 to 4 sols
with varying local times. Due to the nature of the
orbit, there will be occasional repeated ground tracks
offering better temporal sampling of a given region.
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Fig. 4: Latitudes of tangent points in solar occulta-
tion versus solar longitude Ls, for sunrise (blue) and
sunset (red) (top). Typical example of nadir cover-
age over 4 Martian sols. Color scale is local time

(bottom).

Science objectives:

Detection of Trace Gases and Key Isotopes.
NOMAD covers a spectral region from UV to IR
that contains signatures of the following molecules,
including several isotopologues: CO, (incl. **CO,,
Y0co, *®*oco, ¢*0,), co (incl *co, c*0), H,0
(incl. HDO), NO,, N,O, O; CH, (incl. *CH,,
CH3D), C,H,, C,H,4, C,Hg, H,CO, HCN, OCS, SO,,
HCI, HO,, and H,S. With a resolving power of
25000 (~0.15 cm™), IR measurements will provide
highly resolved spectra of Mars, allowing unambig-
uous separation of absorption lines and high-
sensitivity searches for these trace gases. Nadir ob-
servations offer a similar potential for detection. The
high sensitivity of NOMAD will offer the possibility
to observe as yet undetected species or
isotopologues. The detection of the different CH,
isotopologues (**CH,4, CH3D) will be crucial for the
discussion on the origin of this species, and the sim-
ultaneous measurement of H,O and HDO will define
the important D/H ratio. UVIS is sensitive to Og, the
most reactive gas in the Martian atmosphere, and
S0O,, a gas which can be related to volcanism. Its
detection or negative detection is vital to verify pre-
sent or recent volcanic activity on Mars. NOMAD
will also do this for gases related to serpentinization
(C,H,, CoH4, CoHe), gases related to clathrates (H,O
and CH, as well as dust, ice deposits and tempera-
ture profiles), and gases related to volcanic activity
such as SO, or HCI. In addition NOMAD can detect
formaldehyde (H,CO) which is a photochemical
product of methane, as well as N,O and H,S which
are potential atmospheric biomarkers.

Characterization of Spatial and Temporal Vari-
ability. NOMAD will extend the existing atmospher-
ic climatologies for CO,, CO, H,O and other trace
species, but also for temperatures and total densities.
The UVIS channel (200-650 nm) will provide meas-
urements of Oz in solar occultation (vertical profiles)
and nadir (total columns). An improved O; climatol-
ogy will advance our understanding of photochemi-
cal processes in the Martian atmosphere, as well as
the UV levels on the surface, through the use of
radiative transfer modeling of the atmosphere.

Localization of Trace Gas Sources. By measur-
ing aerosols, clouds, surface ices, and vertical tem-
perature profiles, together with H,O and HDO,
NOMAD will directly assess all the components of
the water cycle. In addition CO and CO, will be
measured simultaneously. This will allow us to in-
vestigate important production and loss processes for
the major cycles: water, carbon, and dust. More gen-
erally, source and sink processes for all trace species
measured by NOMAD can be investigated in corre-
lation with each other and with dust, ice and temper-
ature profiles, whether they are related to photo-
chemistry, gas-phase chemistry, physical processes
(e.g. phase transitions), electrochemical processes in
dust storms (triboelectricity), heterogeneous chemis-
try, or atmosphere-surface/regolith interaction.

The NOMAD team will apply the GEM-Mars
global circulation model with online chemistry
(Daerden et al., this workshop; Neary et al. this
workshop). GEM-Mars is a gridpoint model with
active dust-, CO,-, pressure- and water cycles, a soil
model, parameterizations for the surface layer and
the convective boundary layer, low level blocking
and gravity wave drag. At present the online chemis-
try scheme is the one of Garcia-Munoz et al (2005),
extension for hydrocarbon chemistry is envisaged.
Various source and sink mechanisms for CH, and
other species will be implemented and evaluated
using the observational constraints.

With an almost global sampling of the planet
within 3 sols, in addition to 24 high vertical resolu-
tion profiles per day, NOMAD will provide a de-
tailed sampling of the atmospheric composition. 3D
GCM-chemistry modeling and in addition more re-
fined techniques such as data assimilation (e.g.
Errera et al. 2008, Heilliette et al. 2013) will support
the measurements. Source and sink processes can be
switched on or off in the model allowing to check
their plausibility by direct confrontation with the
measurements. From the densely distributed nadir
measurements, NOMAD will be able to quickly de-
tect any outgassing source regions. Simulations of
tracer emissions will be performed using GEM-Mars
(Daerden et al. 2010, Neary et al. 2010). In an en-
semble of forward simulations emerging from vari-
ous source regions and emission scenarios, the most
likely source region and scenario can be confined
(e.g. as in Mischna et al. 2011). As an example, Fig-



ure 5 shows a methane plume 3 sols after an impul-
sive release emission over Nili Fossae of 6.2x10° kg
of methane from the surface in 30 minutes during
local daytime as modeled by GEM-Mars. This also
applies to other species.
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Fig. 5: CH, plume (column fraction) 3 sols after an
impulsive release at Nili Fossae (square = source)

at Ls=150° as calculated by GEM-Mars.

Conclusions:

NOMAD is a versatile instrument recording easi-
ly any spectral interval chosen for the detection of
specific targets, within its range; with optimized
integration time (signal level) for each interval;
achieving a high vertical resolution in solar occulta-
tion mode; offering simultaneous detection of select-
ed species; insensitive to S/C micro-vibrations; with
modest data rate; and with flexible observation plan-
ning driven by discoveries.
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